Phenol and phenolic compoundsexist in the wastewater from oil refineries, coke plants, phenolic resin plants and so on. Phenol is a weak acid and can be removed effectively from aqueous solution by anion exchange resins.1'2'1)
In the present study, adsorption equilibria of phenol on anion exchange resins in the hydroxide form or the free base form are compared with those in the chloride form. For strong base anion exchange resins, there is a great difference of phenol adsorbed between hydroxide and chloride forms. Phenol adsorbed on resins in the hydroxide form can be desorbed by using hydrochloric acid.
Experimental Procedure
Anion exchange resins and aqueous solutions of phenol were introduced into test tubes with screw caps. These tubes were immersed in a thermostat at 30°C for about a week. The concentrations of phenol in the solutions were determined by a spectrophotometer (Shimazu, UV-150-02) at a wave length of 238 or 270nm. The amount of phenol adsorbed on the resins was calculated from the difference between initial and final concentrations of phenol in the liquid phase. Figure 1 shows the adsorption isotherm of phenol for a strong base anion exchangeresin of macroporous type, DowexMSA-1. There is a great difference between hydroxide and chloride forms in the lower concentration range of phenol. These isotherms can be expressed by Freundlich equations as indicated by solid lines in Fig. 1 . In the case of the hydroxide form, in particular, two lines are obtained on log-log paper to express the isotherm. For any concentration, the amount of phenol adsorbed is lower than the total capacity of the ion exchange resin as shown by the broken line in Fig. 1 . Phenol may be adsorbed by physical interaction in Received March 25, 1983 . Correspondence concerning this article should be addressed to S. Goto. S. Uchiyama is now with Toho Gas Co., Ltd., Nagoya 456.
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the case of the chloride form. The difference of amounts adsorbed between hydroxide and chloride forms may be due to an ion exchange mechanism because phenol is a weak acid. The resins which adsorbed phenol in the hydroxide form were regenerated by changing them to the chloride form by contacting with hydrochloric acid and then were changed again to the hydroxide form with sodium hydroxide. As shown with triangle symbols in Fig. 1 , the regenerated resin had the same adsorption capacities as the fresh ones. Thus, the resins can be reused manytimes. 
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strong base anion exchange resin of gel type, Dowex 1X4. The shape of the isotherms is almost the same as those in Fig. 1 . However, the amounts of phenol adsorbed in the hydroxide form exceeded somewhat the total capacity of ion exchange resin in the higher concentration range ofphenol. This maybe due to the resultant effects of physical interaction of undissociated phenol and the ion exchange mechanismof dissociated phenol.
It can be seen from a comparison ofFigs. 1 and 2 that the gel type in the hydroxide form has higher adsorption capacity than the macroporoustype while the gel type in the chloride form has lower capacity than the macroporous type. Therefore, the gel type may be superior tp the macroporous type from the view of adsorption capacities. Figure 3 shows the adsorption isotherm for a weak base anion exchange resin, Dowex MWA-1. The amounts of phenol adsorbed in the free base form are much smaller than those for strong base resins in Figs. 1 and 2. In this case, the isotherm may be expressed by a single straight line. Also, the difference between free base and chloride forms is not significant. Thus, weak base anion resins are not suitable for acid regeneration.
Comparison with Other Adsorbents
For comparing anion exchange resins with other adsorbents, various adsorption isotherms are shown in Fig. 4 . The adsorption isotherms for two kinds of activated carbon, CAL4) and Black Creek,4) show greater capacities in the amounts of phenol adsorbed than those for two kinds of synthetic resins, that is, 4-vinylpyridine-divinylbenzene6) and XAD-8.3) Activated carbon can be regenerated by using aqueous solution of NaOH5) and synthetic resins without ion exchange functional group by using organic solvents, such as methanol.6) However, these isotherms lie in the middle of those for two forms of the anion exchange resin, Dowex1X4. Thus, when wastewater containing phenols is neutral or basic, strong base anion exchange resins may give better results than other adsorbents. Literature Cited
